Abstract: An ICO (Initial Coin Offering) is an innovative way to fund projects based on blockchain. The funding is based on the selling of tokens by means of decentralized applications called smart contracts written in Solidity, a programming language specific for Ethereum blockchain. The ICOs work in a volatile context and it is crucial that the team is capable of handling constant changes. The Agile methods, proven practices enabling to develop software in presence of changing requirements, could be a means for managing uncertainty. The main goals of this work are to understand software engineering activities related to ICOs, recognize the ICOs developed using Agile methods, and make a comparison between ICOs and Agile ICOs. In addition, we perform a deeper analysis of Agile ICOs concerning project planning, software development, and code features. Our work shows that the roles of the people involved in an ICO can be compared to the typical roles of the SCRUM methodology. The majority of Agile ICOs use tool of testing before storing smart contract on blockchain. Finally, the application of volumetric and complexity software metrics shows that the files of Agile ICOs is on average shorter and less complex than in other smart contracts.
Introduction
An ICO (Initial Coin Offering) is a new way to perform crowdfunding campaigns, based on blockchain technology like Bitcoin and Etherum [1] [2] [3] . It allows to finance startups working on blockchain technology or applications on a global scale, directly and without intermediaries. With the aim of involving as many investors as possible, a startup will create and distribute its tokens. The token of the ICO can be developed through a smart contract, a computer program running on a public blockchain [4] . Smart contracts are the base for the development of decentralized applications (DApps). Most smart contracts, used for ICOs, run on Ethereum blockchain, and are usually written in a programming language called Solidity. Although startups performing ICOs share many characteristics with software startups not based on blockchain technology, several factors make the software development context of ICOs unique. Consequently, the research presented in this paper aims primarily at understanding the main software development characteristics of ICO startups, from the planning phase to the testing phase, also taking into consideration the quality of code. To this purpose, we analyzed the whole set of ICOs gathered from ICObench (available at http://icobench.com) and registered between August 2015 and 20 February 2018. We focused on their main features, such as: The team size and roles in order to understand if its composition is consistent with the best known software development methodologies; the rating provided by ICObench in order to investigate the projects quality; the use of social media in order to discover if ICOs teams believe that the The remainder of the paper is organized as follows. Section 2 describes the most relevant related work on ICOs and on Agile methodologies. Section 3 presents the research method that we followed in our study. This section describes the steps which allowed us to define our dataset, to find the Agile ICOs, and to perform our analysis. Section 4 describes the results of the analysis of the ICOs dataset, including the comparison between the results obtained for the ICOs in general, and the results obtained for the Agile ICOs. These results include the team composition, the rating, the financial aspects. Section 5 analyzes in depth Agile ICOs. This section includes the results of the analysis of the ICO roadmaps, of the software projects, and of the smart contracts. Section 6 provides a discussion about the outcomes of our analysis. Finally, Section 7 concludes the paper.
Related Work
Research literature on blockchain in general, and on ICOs in particular, is limited to the last few years [10] . The principles described in the Agile Manifesto [11] are the basis for most Agile methodologies. Agile methodologies were used in Sabrix, Inc. (San Ramon, CA, USA) [12] , a startup software company that, to accommodate the pressing demands of users, exploited the urgency as the main engine for the product development, and allowed the startup to switch from a initial chaotic management to the correct implementation of a software product-team and product progressed simultaneously. In order to verify if Agile practices are applied in software startups, [13] performed a survey involving 1526 software startups, with questions related to five Agile practices, including regular refactoring, agile planning, frequent release, and daily standup meeting. The survey was focused on the relationship between velocity and quality in Agile practices, and they discovered that the software startups favored velocity over quality. Ref. [14] claims that startups run the risk of failure and of being quickly out of business, if some engineering practices are not used. They studied the software development strategies employed by startups, and found that it is necessary to reduce time-to-market, speeding up the development of product using users' feedback. Ref. [15] provides an exploration of the state-of-art on software startup research and specifies which software engineering practices must be chosen to increase the ability of startups to survive under highly uncertain conditions. Recently, Ref. [16] proposes a unified and multidimensional framework to represent together the role, active or passive, of digital startups with respect to change, and to the level of dynamism of the environment. According to the results of this exploratory study, Lean Startup Approaches (LSA) are strongly related to the use of Agile development methodologies. In addition, startups oriented to have an active role in determining changes use the approach called Business model innovation.
Ref. [17] shows that the Agile and Lean Startup methodologies can be compatible and complementary. Agile methodologies drive software development, whereas the Lean Startup methodology is more oriented towards the development and management of the business and of the product. The blockchain technology is an invention that led to a high dynamism in several business areas [2] . It gave rise to the definition of a new branch of software engineering called "Blockchain-Oriented Software Engineering" [18] . According to [19] , the blockchain technology and in particular the invention of digital tokens, has the potential to create a new entrepreneurial landscape, representing the opportunity to invest in early-stage projects, and, on the other hand, the opportunity for startups to fund their projects in a more democratic way. These opportunities represent the core of the Initial Coin Offerings (ICOs) phenomenon, subject of this study.
Ref. [20] presents a model that rationalize the use of an ICO for the launch of a peer-to-peer platform that still needs to be built. This work highlights two strategies that can generate value: A coordination model among many subjects involved in a peer to peer network and the use of "popular wisdom", that is, the analysis of information available on the web and posted by users or by other stakeholders that describe the quality of the platform.
The possibility of using an ICO as a fundraising tool to finance business and technology initiatives directly and without intermediaries was analyzed in [21] . In this work, the Lean Startup methodology as a tool to face the main critical aspects of a startup and examined some ICOs based on lean startup approach, is analyzed.
A first overview about ICOs was made in [22] . They examined all ICOs, published on 2017 on icobench.com website in order to evaluate their quality and software development management and to discover the features that can influence the ICO success. A similar analysis is described in [23] . According to this work, the success factors of an ICO originated in the process behind the organization of the ICO. Another success factor is the quality of the services provided to the investors who buy the tokens.
The main problem of an ICO is the capability of investors to make a distinction between a genuine fundraising activity and a scam. Ref. [24] analyzed this phenomenon, collected information from specific websites, and categorized the ICOs in order to identify their key success factors. Other issues are related to the legal aspects of an ICO. Another aspect to be managed, is the possibility of changes in ICO legal regulation. The rapid explosion of the ICOs phenomenon has generated some legislative loopholes. In [25] it is pointed out the lack of clear rules for the accounting of ICO funds in the company balance sheet. In [26] it is described how ICOs are regulated in different countries. At the moment, there are no uniform ICO regulation standards.
Research Method
The phenomenon of crowdfunding based on cryptocurrency is very recent. This study is the first in literature about this subject, and has an exploratory nature. We analyzed all ICOs records on ICObench (https://icobench.com) until 20 February 2018. This is a free ICO rating platform that collects data about thousands of ICO. It provides the ICObench Data API (Application Programming Interface described in https://github.com/ICObench/data-api), allowing developers to get the information stored in the platform, including ICO listings, ratings, and stats. The research approach is composed of two main parts: Data collection and analysis of all ICOs registered on ICObench until 20 February 2018, and the choice, through appropriate keywords, of the ICOs to be specifically analyzed, because they are managed with an Agile approach.
Data Collection
We divided the data acquisition process into different steps, as described below. To collect the data related to ICOs we used ICObench Data API, introduced on 12 December 2017 (according to https://medium.com/@ICObench/icobench-2017-in-numbers-d987b0a280d0), to study the list of all ICOs, the list of ICOs by search parameters and filters, the list of all ICOs ratings, all information in the ICO profile and other statistics. ICObench Data API has already been used in other major studies [27] [28] [29] . We called the extraction of this data "Step 1".
To identify which ICOs exhibit an Agile approach, we established a search string with pre-defined keywords which we will introduce in Step 2.
Step 1
We collected the ICOs' data from the specialized website called icobench.com. To date, this website provides an useful API for developers and data scientists who want to create new applications or to analyze the ICO phenomenon. For the API specification see https://icobench.com/developers, accessed on 16th July 2018.
In particular, this API needs user authentication and uses the HMAC method with SHA384 algorithm to authenticate the query. The data provided are in JSON format. In order to acquire the full available data, we used the POST request called "ICO-Profile", which we sent for all ICOs' "id". The"ICO-Profile" request has URL https://icobench.com/api/v1/ico/id|url.
We implemented in R [30] the procedure to automatize the connection to the API, to call the request, to organize and save the ICO data in the R list data type. We collected the data of the first 1.952 ICOs recorded in the icobench.com database until 20 February 2018. We discovered that 115 of them had no available data. The data of the acquired ICOs occupy about 50 MB of memory.
Each list item describes an ICO with up to 25 named sublists, that groups hundreds of named values. We focused on five sublists: Team, rating, finance, dates, links. The team includes name, country, title, link to socials media, and so on for each team member. The rating provides the icobench ICO evaluation vote. The dates includes the date related to the timing of the ICO (opening, closing). Links contains the URLs of the ICO official website and the link to the ICO white paper. Because of the importance of the ICOs' white papers, we wrote a R script to download all the available documents. We collected a total of 1.144 readable PDF files. The ICOs white papers pdf files occupy 4.3 GB of memory.
Step 2
We identified the ICOs that apply Agile practices by searching for keywords in their white papers. A white paper is a comprehensive technical report describing the ICO product or service. We chose the keywords to look for in the following way.
• We used the Google Keyword Planner tool and we obtained all the keywords associated with the main keyword: "Agile methodology". In this way we obtained a total of 700 keywords.
•
We selected all keywords that have an average monthly number of searches on Google above 1000.
• We included keywords consisting of single words (for example "scrum") and their specifications covering at most another word. For example, we selected the keyword "scrum programming" and we excluded the keyword "scrum programming development" because it is implicitly included in the previous one.
Eventually, we obtained 90 keywords. We performed a textual analysis, by means of a R script, to verify in which white papers at least one of the 90 selected keywords was present. We analyzed all 1.144 readable white papers. The script, converts the pdf content in a text string. Subsequently, for each white paper it counts the number of occurrences of each keyword in a case-insensitive mode. As a result, the script returns the table of keywords occurrences per ICO white paper. We identified 55 ICOs in which at least one of the 90 selected keywords is present. We, then, manually verified that each of these 55 white papers actually referred to an Agile software development mode. The obtained subset is about the 5% of the total analyzed ICOs. For simplicity, in the rest of the document, we will call this subset Agile ICOs. It must be pointed out that in our classification we focused only in the ICOs development approach, that can be Agile or not Agile. To be clear, in these two categories of approaches, the use of the blockchain technology is the same, and the differences between Agile and not Agile ICOs regard other aspects we will discuss in the following. Figure 1 schematically describes the process that allowed us to identify the 55 ICOs. 
Analysis Setup
After the creation of the set of Agile ICOs, we compared them with the overall set of ICOs. We implemented specific R scripts to collect and analyze the information available in the ICO dataset. We collected data about the size of the team, and its composition in terms of roles and gender. We obtained the gender of team members by means of a names database realized by Mark Kantrowitz (available from http://www.cs.cmu.edu/afs/cs/project/ai-repository/ai/areas/nlp/ corpora/names/). We used R to classify the team members by gender, to perform statistical and comparative analysis, and to collect and analyze some of the business and financial information available in the ICO dataset, also including the rating and the use of social media.
Data Analysis
In this section, we report the results of the analysis. As described in section Research Method, we organized the analysis in steps. In the followings we present the numbers, the distributions and the statistical values that characterize the acquired ICOs, and in particular the Agile ICOs.
Analysis of ICOs Teams
According to [31] , one of the main factors that impact the sustained usage of Agile methods is the team composition, that should have a right balance in terms of technical skills, domain knowledge, team size, and gender, race, and culture.
Team Size and Composition
We analyzed a total of 18,699 people involved in ICO founding teams. We firstly analyzed the size of the team that develops each ICO. We consider 1646 ICOs that declare at least one team member. We found that the mean size of the ICO team amounts to 11.4 people. According to the results of the Anderson-Darling normality test, the team size distribution does not follow a normal distribution. The Anderson-Darling normality test, computed in R using the library nortest, produces a p-value < 2.2 × 10 −16 (the distribution is normal if p-value > 0.05 [32] ). The maximum team size includes 67 people. These results are higher than the results reported in [21] , where the average team size was 10.87, and the maximum team size was 57.
When we computed these statistics on the subset of 55 Agile ICOs, we found that ICOs in this typology have larger teams. The average size is 14.9 people, despite the fact that the larger team includes 43 people. Also in this case, the distribution is not normal. The Anderson-Darling normality test provide a p-value = 0.0055, lower than the threshold. We, then, performed the Wilcoxon test [33] which is not based on distributional assumptions and therefore provides reliable results even when data do not have a Gaussian distribution. Through the test carried out using the implementation provided by R, we can see that the differences are significant. The p-value = 5.003 × 10 −6 is lower than the threshold value α = 0.05. Empirical evidence is strongly contrary to the null hypothesis and the observed data are statistically significant.
This data has its intrinsic importance. In an ICO, a very small and anonymous team increases the investment risk and may be a scam. It is therefore important for investors to be able to consult the information relating to each team member, both on the ICO website and on LinkedIn or Twitter. The greater number of people involved, with a detailed description of each person supported by the link to the related social pages, the lower the probability that the ICO may be a scam.
An advisor is a domain expert (for instance an academic), or an investor, or a consultant. We found that 4.461 people involved in ICOs are advisors. As shown in Table 1 , advisor represents 18.9% of team composition, or in other terms there is nearly an advisor every five people. In Agile ICOs, there are more advisors. On average, they represent over the 23% of the team. According to [22] , in a very large team sometimes there are many advisors who contribute suggestions, but are not really involved in the ICO operations. We can consider advisors as a group of individuals with experience and able to provide credibility and value to the project, as long as they specifically work in the ICO and create added value. We can see that some advisors have their names in over 100 projects, each of which spans overlapping periods of time. Such an advisor cannot physically allocate enough time to a project to provide true value to their customers. We can compare the roles inside an ICO team with the typical roles described in the SCRUM methodology. In particular, in the SCRUM methodology the world is divided into "pigs" and "chickens" [34] . The former, during the project development, bring into play "the skin". All other stakeholders are spectators (chickens). The chickens may also be strongly interested in the project, but they do not work in a strict and direct way like the pigs. By analogy, in an ICO we can define team members as pigs, while advisors can be considered as chickens. The advisors are consultants who can support the team if it is needed; often they are selected for marketing reasons, and do not work directly to the development of the project.
Gender Heterogeneity
We investigated the gender heterogeneity in ICO teams. It is well known that a global gender gap exists in entrepreneurship, and in particular in the technological startup founding teams. Female presence in startup teams is typically below 30%, which is the highest percentage recorded in the Chicago startup ecosystem [35] .
For example, in a recent survey [13] that examined about 1526 software startups, they discovered that in their teams a very small percentage (8%) are females, in comparison to the percentage of males (76%). Note that 16% of team members did not reveal gender information.
In addition, ICO teams consist of predominantly males. Our algorithm classified 9776 people; we found that the female presence is equal to 16.3%. Considering the average of the number of men and women per ICO founding team, we found that the number of men is about 5 times larger than the number of women. Considering the Agile ICO set, we noticed that the female presence is slightly lower than the presence computed in the total dataset. These teams have 15% of women, being on average composed by 6.5 men per 1 women. There is no case of team composed only by women.
In the ICOs, however, the presence of women is twice the presence detected by [13] in software startups not based on an ICO. Ref. [36] shows that gender diversity plays a significant role when considering productivity and collaboration within a software development team. These results could also be applied to ICO teams. In addition, also in relation to investors, according to [37] , the number of women interested in investments in cryptocurrencies represents currently the 13% (one in eight women) of the total. This research also suggests that women invest very differently than men: The former take a much more strategic approach, and suffer less the "Fear of Missing Out" [38] than their male counterpart. The study also shows that women investors tend to collaborate much more than men, consulting family and friends about their investment before proceeding.
ICO Rating
The statistical analysis of the ICO Rating (a score parameter provided by ICObench that summarize the ICO reliability) allow us to compare the overall results with the subset of Agile ICO. The Rating is a real number which ranges from zero to five computed by ICObench, using a weighted average of two distinct evaluations. The first is computed by a proprietary assessment algorithm which considers the team composition, ICO information, product presentation, the marketing campaign and the presence on & social media. The second is assigned by experts who evaluate from 1 to 5 the ICO for team, vision, and product (as described in https://icobench.com/ratings). Actually, we found that ICOs Ratings vary from 0.4 to 4.9.
On average, ICOs have a Rating equal to 3.1. Agile ICOs have, on average, a better Rating score. The average Rating value of the 55 ICOs is 3.6. Considering the diversity of samples analyzed-the first with 1646 elements, the second with 55 elements-we performed a statistical analysis on the significance of the differences. We first verified that the values of the ICO rating do not follow a normal distribution.
This distribution is not normal. The Anderson-Darling normality produces p-value < 2.2 × 10 −16 lower than α = 0.05. We then performed the Wilcoxon test and by its result we can see that the differences are significant. The p-value = 2.476 × 10 −5 is lower than the threshold value α = 0.05. This result is strongly contrary to the null hypothesis and then the observed data are statistically significant. The minimum value of Agile ICOs is 2.1.
Social Media and Tools
We analyzed the social media use in order to understand how ICOs use this channel to communicate with investors and customers. Given the decentralized nature of ICOs, the developers have to create a strong and active virtual community to support projects. As reported in [39] , social media became part of the standard communication tools in recent years. Telegram groups and Slack channels are used as tools to which interested parties can ask questions about the ICO. On the other hand, social networks are used by the team to share information and news, and to raise awareness on their cryptocurrency and ICO. According to [40] , the communities of cryptocurrency users require transparent and reactive communication. According to Agile Methods, a software product is a constantly evolving project in which the initial idea could be modified and adapted, using the feedback provided continuously by users. External feedback at each stage, allows the development of true competitive value of the product and services offered, promoting quality, efficiency, and trust. Given the decentralized nature of the blockchain, social media are the main channels, for an ICO, to communicate with users and investors. It is therefore not surprising that the use of social media is greater in Agile ICOs than in non-Agile ones because they can enhance contacts and interactions between customers and the ICO's team, simulating the costumer on site prescription.
Financial Aspects
A token is a digital asset that, in addition to having an exchange value, has an intrinsic value that derives from its use. ICObench describes the way in which the tokens are sold. The parameters reported on the website are: The number of tokens for sale, the percentage of token to be sold during the ICO, the hard and the soft capitalization, namely the goal of the ICO offer expressed in a reference currency, and the minimum selling target to be reached to develop the product. The number of ICOs which provide this parameter is 1053. We discovered that over 60% of such ICOs provides more than 50% of their tokens to investors. The remaining tokens are managed by the team. In particular, about 44% of ICOs choose to distribute more than 60% of its tokens to investors during the crowdfunding. This set is not characterized by a normal distribution of values. Applying the Anderson-Darling normality test we obtained a p-value equal to 6.404 × 10 −12 , lower than the threshold α equal to 0.05.
Agile ICOs differ with respect to the general statistics. The 38 out of 55 Agile ICOs which provide this parameter, on average distribute a lower percentage of tokens to the investors during the crowdfunding. In particular, only 50% of ICOs distribute more than 50% of tokens during the crowdfunding, and only 23% of Agile ICOs assign more than 60% of tokens to investors. The remaining tokens are managed by the ICO team. According to the results of the Anderson-Darling normality test, we can consider these values as sample of a normal distribution of values (p-value = 0.06406 > 0.05). The result of the Wilcoxon test allows us to consider significant the differences between the two sets of data. The p-value is equal to 0.0262 and is lower than 0.05. So the null hypotesis is rejected, and the two samples can be considered as taken from different populations. Figures 2 and 3 show the histograms of the number of ICOs per percentage of Token to be sold during the ICO for All ICOs and for Agile ICOs. 
Ico Market Capitalization
The market cap is the value of tokens expressed in a reference currency. An ICO, through its hard cap (hard capitalization), sets the limit of how much money will be accepted to finance the product development. The excess money received is returned to the investors. The soft cap (soft capitalization) is the minimum amount required by the project in order to continue its development. If this amount is not reached, investors can withdraw their contribution. A crowdsale that reaches the soft cap is considered successful.
We found that 469 ICOs provide both the hard cap and the soft cap. Among these, the soft cap is on average 19% of the hard cap, so a crowdsale that reaches 19% of the hard cap is considered successful. Analyzing in particular Agile ICOs, 25 out 55 provide both hard cap and soft cap. In this case, on average, the soft cap is 25% of the hard cap, so in Agile ICOs only a crowdsale that reaches 25% of the hard cap is considered successful. Therefore, Agile ICOs needs a initial capital proportionally higher than the non-Agile ICOs to develop the project. No Agile IC reached 100% of the hard cap (the maximum percentage is 85%).
In this case, the differences found between Agile ICOs and other ICOs are not significant. The results of the Wilcoxon test suggest that the two set of data can be considered as elements of the same population. The resulting p-value is equal to 0.05878, greater than the threshold value, α, equal to 0.05, and therefore the null hypothesis can be considered valid.
The distribution of the ratio (in percentage values) between softcap and hardcap is shown in Figures 4 and 5 . 
Analysis of Agile ICOs Projects
In this section we focus on the analysis of software projects of Agile ICOs. We studied in particular two aspects: The first is the ICO roadmap, the typical step by step description with which the ICO proposers declare their development program of the proposed product or service. The second is the software development project, that is the available repository of the ICO source files. This second aspect includes the analysis of development tools and testing practices used by the developers of the ICO.
Roadmap and ICO State
As we said in section Data Analysis, a team describes, usually in the white paper, the roadmap of activities after the crowdfounding, and outlines the actions which they aim to achieve during the product development. Generally, this description is a simple graphical overview of the project's goals and deliverables, and of the related timeline. Investors look the roadmap to know when and how the business idea will be operative and profitable, to understand the development phases of the product. We chose to identify the starting-point of a roadmap as the time when the ICO crowfunding closes, and the team gathers the money needed to develop the product. In the subset of 55 Agile ICOs, only 9 ICOs don't provide a roadmap. In the remaining 46 ICOs the roadmap is also called milestone, timeline or highlights. In these, the time period that roadmaps cover, ranges from few month to over five years, as shown in Figure 6 and summarized in the following:
• only 18 ICOs present a roadmap longer than one year; • the longest roadmap extends 72 months after the end of the ICO; • the average duration of roadmaps is 16 months after the ICO end; • in 2 cases, the roadmap is concluded with the closing of the ICO. We define the time of post-ico state as the number of months passed after the ICO period. Figure 7 shows the distribution of the state of ICOs in terms of number of months passed after the end of the ICO selling phase.
The roadmaps therefore concern the future of the ICO and provide a realistic plan on the use of the funds in view of the objectives set. The content of the roadmap helps investors to understand when and how they are involved in the project, and provides them a view on possible changes. A too detailed roadmap is typical of the plan-driven methodologies and contradicts one of the fundamental principles of Agile methodologies, that aim to respond to change more than to follow a predetermined plan [41] . In a roadmap developed with an Agile approach, the possible difficulties that the team can meet and the way to deal within possible obstacles should be taken into consideration. A roadmap developed with an Agile approach should therefore be compared not only to the future features of a project, that is difficult to accurately detail and predict, but should also show the daily work and progress of the team, with a special focus on feedback and opinions of the people involved. The roadmap is therefore an useful tool to promote the transparency of development, also in order to manage customer expectations. Focusing on specific features diverts attention from the general vision of the project. An Agile roadmap is therefore able to embrace the inevitable changes, to communicate a short-term plan, but it must also include a flexibility that allows this plan to be adjusted to the customer's value or changes imposed by the market. According to [42, 43] we define below some guidelines that characterize a roadmap designed with an Agile approach.
• The roadmap must be oriented towards objectives much more than towards the features be developed, so that everyone involved can understand the evolution of the product.
• The creation of Agile roadmaps requires continuous communication within the team, and with investors. It also needs to harness the effort of all the parts involved.
•
In an ICO, it is essential to respond adequately to the needs of investors. Responding promptly to customers' needs through continuous dialogue is one of the essential characteristics of the Agile approach. The roadmap should therefore take into account all investors' feedback for possible improvements. The new ideas, evaluated through a score, must be included in a future release backlog. The ideas of investors and customers should therefore guide the definition of future priorities.
The roadmap should be changed quite frequently (from one to three months) in order to adapt the plans with the obtained feedback. Updating the roadmap can help a project to face changes without diverting attention from long-term goals. 
Software Development
In order to better understand the process of software development of ICOs, for each of the 55 ICO projects selected in step 2 we examined the documentation to find the availability of software project repositories in which the development team stores and manages the software under development. We found that:
• 36 ICOs have a software project publicly available on the Github platform.
• 12 of the remaining ICOs published in the Ethereum blockchain explorer Etherscan (https:// etherscan.io/) the solidity code of the smart contract used to implement the token selling. • 7 ICOs do not have a publicly available software project nor provide any smart contract solidity file.
Summarizing, 48 out of 55 Agile ICOs provide at least the smart contracts used to develop the token of the ICO. These smart contracts are written in Solidity [44] , which is the most popular high-level language for implementing smart contracts.
We analyzed the 32 Agile ICOs software projects available on Github. In particular, we counted the number of repositories (the folders of the project), the typology of files, and the number of solidity files.
In summary, the 32 Github projects contain a total of 14.199 files. The total number of folders is about 2800. On average, each project contains 5.8 repositories, and the maximum number of repositories per project is 38.
Regarding the contents, source code files represents the most of the files present in ICO software projects. In particular, js files (javascript) dominate the scene with 5.015 files, equal to 35.32% of the total. The projects contain 786 smart contracts written in solidity (.sol), equal to 5.54% of the total.
Graphics file formats (like png and svg formats) represent the second most frequent kind of files. Table 2 summarizes the number of occurrences of the ten most common file types found in Agile ICO software projects.
To better understand the process underlying the development of Agile ICOs, we have verified for each project the use of specific development frameworks and in particular the use of Truffle. Truffle is a popular development framework for Ethereum that includes built-in smart contract compilation, linking, deployment, binary management, and automated testing. Truffle is available at https://truffleframework.com. We found that Truffle is commonly used in Agile ICOs. Nineteen out of 36 projects include the typical Truffle elements. 
Smart Contract Code Metrics
In this section, we report the results of the analysis of the smart contracts used to implement the Agile ICOs. In particular, in order to characterize the content of these solidity files (with extension .sol), we applied a selection of code metrics. We also report the comparison between our results with the results provided by [45] , related to more than 12,000 smart contracts published on the blockchain explorer Etherscan and deployed on the Ethereum blockchain until January 2018.
In our analysis, we examined 502 solidity files found in Agile ICOs github projects, which could be referred directly to the ICO developers. We excluded from our analysis the files copied (or forked) from other projects (including templates taken from development framework like Openzeppelin (https://openzeppelin.org/).
We added to the analysis the 12 smart contracts published only in Etherscan, as described before. In total, we examined 514 smart contract files. For each of them we applied the software metrics defined in Table 3 , that include volume metrics and complexity metrics. In the following, we will use the term contract to refer to a specific type of object of the Solidity language [44] . The declaration of an object contract is similar to the declaration of a class of object oriented languages. In a contract definition, it is possible declare functions and variables, that can be modified to be private, public, or internal to the contract. A solidity contract can also inherit from other contracts. We considered "function" the declaration, through the keyword function, of the executable units of code within a contract. We did not considered as functions the definition of function modifiers. In solidity, a modifier is a short portions of code defined through the keyword modifier that can be called and incorporated in functions. They can be used to easily change the behavior of functions. Table 4 reports the summary of the statistics of the computed volume source code metrics. In the table, we also provide, for each metric, the value of the First Quartile that separates the lowest 25% of values from the highest 75%, and the Third Quartile that separates the lowest 75% of values from the highest 25%. All the reported statistics represent an overview of the distribution of metrics values. All statistical analysis were performed using R. Results show that smart contracts in Agile ICO projects have on average 65.59 lines of code. The maximum number of LOC is 808 and the minimum is 2.
For comparison, results of [45] report that the mean number of LOC is 183.8. We found that smart contracts present in Agile projects are characterized by a lower number of LOC. The mean and the median value of CPL allows us to state that examined files are well commented. As reported, there is expected about one line of comments every two lines of code.
The examined solidity files declare, on average, only two contracts. This number can be considered low, in relation to the value of 9.2 reported by [45] . The maximum number of contract declarations is 66 and the minimum is 1.
In total, the mean number of functions (NDF) declared in a contract is about 6.6, the maximum value is 71, and the minimum is zero. Also in this case, the mean number is lower than the results of [45] (25.9 functions per file). The mean values of NDC and NDF can be considered related to the value of the LOC metric. Solidity files are shorter and consequently less functions and contracts are declared. Contracts having no function declarations can be used to define variables and data structures to be inherited by other contracts. In general, if there is no constructor, the contract will assume the default constructor.
The metric Function Per Contract (FPC) represents the equivalent of the number of method per class in object oriented languages. Considering each contract in the files, we found that, on average, each of them declare 4.3 functions. The maximum number of declared functions per contract is 28 and the minimum is zero. On average, each contract has functions that are long 7.8 lines (AFL). The maximum average length is 172.5. The related distribution is characterized by a high standard deviation.
From these results, we can deduce that the smart contracts of Agile ICOs tend to be short programs, with a limited number of elements (contracts and functions) and with short functions. This favors easier reuse and maintenance of the code, according to [46] .
In general, the development of the ICO token pass through the implementation of a standard interface called ERC20 (specifications described in https://theethereum.wiki/w/index.php/ERC20_ Token_Standard). Given the availability of already implemented ERC20 tokens, the reuse of code is commonly adopted during the creation of new tokens. The high values of standard deviation show that smart contracts are very different from each other; these results are typical of long-tail distributions, whose tails collect the highest values.
For each solidity file, we computed the McCabe cyclomatic complexity [47] , of all the functions implemented in it. The cyclomatic complexity measures the number of linearly independent paths through a function. We used a commercial software. In particular, we computed the cyclomatic metrics using Understand, by scitools. Cyclomatic metrics are described in https://scitools.com/support/ cyclomatic-complexity/. Table 5 summarizes the results related to the average, the maximum and the sum of the cyclomatic complexity of all the functions defined in each solidity file belonging to Agile ICO projects. The minimum values of these metrics are equal to zero due to the presence of contracts that do not implement any function. We found that the average cyclomatic complexity (ACyclo) has a value equal to 1.2. The maximum value of the average cyclomatic complexity is 7.
The maximum cyclomatic complexity (MaxCyclo) is, for each contract, the the maximum value of McCabe cyclomatic complexity among the functions of the contract. Its mean value is 1.83, and its highest value is equal to 17.
Contracts are characterized by a limited sum of the cyclomatic complexity (SumCyclo) computed for each function in their solidity files. The mean value of the sum is 7.97, lower than the value reported by [45] , due to the fact that contracts of Agile ICO projects are shorter in terms of LOC. Values of this metric are characterized by a standard deviation equal to 12.27, and a maximum value equal to 134. These value are typical of long tail distributions.
Testing
In the Ethereum platform, each smart contract deployed in the blockchain both the data related to the transactions, and the code that implements the logic to allow the sending of transactions between two or more actors. Therefore, data and logic that compose a smart contract are stored irreversibly. Given the principle of the immutability of the blockchain, once a smart contract gets deployed, its code cannot be changed.
If a developer finds a bug or wants to correct an error, s/he has to develop a new smart contract, deploy it on the blockchain and transfer all the existing data to the new contract. The deployment of a smart contract includes an Ethereum transaction that requires the payment of a fee, which depends on the size of the smart contract. For this reason, the test phase before the deployment is very important and it should be managed appropriately also through the adoption of best practices and specific tools for continuous testing, typical of Agile methodologies.
We, therefore, analyzed the use of development tools and practices for smart contracts. In particular, we look for the use of the Truffle suite for testing practices. We found that Truffle is commonly used in Agile ICOs. Nineteen out of 36 projects include the typical Truffle elements (the file truffle.js and the directories build, contracts, and migration). Using Truffle, developers can take advantage of several development tools included in this suite. One of the most relevant is the possibility to create a Test suite. Tests can be written both in solidity and in javascript. We found that 16 of the 19 Agile ICO projects that use Truffle include a test suite. In addition, we found the presence of other kinds of testing code developed to test other components of the project. The use of Truffle, which provides an automated testing framework to test smart contract before the deployment on blockchain, is fully consistent with the application of Agile methodologies.
Discussion
The results of this study provide an overview of the world of ICOs, which can be described as is a new blockchain based fundraising mechanism in which a startup sells its tokens in exchange for Bitcoins or Ethers. The ICOs, therefore, offer important new possibilities related to the intrinsic properties of blockchain technology. In order to make the most of this potential, in such recent and innovative context, it is necessary to employ appropriate software development methodologies. We believe that the Agile methodologies, which are suitable for the management of innovative startups because they allow to easily face the changes, can also be useful when applied to the ICOs. Agile methods are suited to develop system whose requirements are not completely understood, or tend to change. These characteristics are present in ICOs because they are typically very innovative applications and often there is a run to launch an ICO to be the first on the market. An Agile approach, is based on iterative and incremental development with short iterations, and is suited to deliver quickly and to deliver often. In addition, Agile methodologies are suited for small, self-organizing teams working together, as is the case for many ICO teams. Table 6 summarizes the results of the comparison between the full set of ICOs and the Agile ICOs performed in our analysis. We found that in Agile ICOs the team is on average made up of 14.9 people, of which 23.04% on average are advisors. This means that the development team is on average made up of 10 people. Among them, we include 6 or 7 developers, but also other professionals, like testers or UI designers. In SCRUM methodology, for example, a development team consists of 3-9 people. According to [48] , for larger projects, Scrum provides a mechanism called Scrum of Scrums that assign the large project to several teams. ICOs are developed using technologies like the ERC20 Token Standard, a particular smart contract interface, written in the new programming language named Solidity, which abstracts many development process useful to set up a new cryptographic asset. This abstraction can be related to the Agile practice named Coding Standards, as described by [11] . Moreover, the practice of Collective code ownership is also employed in ICOs, due to the transparency of smart contracts in the blockchain. Most of the ICOs' smart contracts are public and readable by everyone. On the other hand, we need to take into account some important factors inherent in decentralized technologies that need to be carefully controlled in applying Agile methodologies. An ICO is based on the use of smart contracts that record data transactions and manage the specific functionalities of the project. The data stored on the blockchain are immutable, so, in order to modify a smart contract we have to deploy a new smart contract. Agile development, on the contrary, insists on continuous feedback from users to foster innovation and it also strongly highlights the necessity to continually iterate on the product. This is the part of the process that can create issues for blockchain products. As previously mentioned, the data stored on the blockchain are immutable. The smart contracts, once deployed on the blockchain, cannot be updated except by uploading a new smart contract. Developers therefore must be sure that the smart contract will always work. It must be right the first time it is deployed, and this challenges the present Agile wisdom. Before storing a smart contract on the blockchain, it is therefore important to perform a very thorough testing, auditing and verification phase, also through the use of tools such as Truffle, a tool to build smart contracts that provides an automated test framework and allows writing tests in Javascript and Solidity. The practice of software development called Test Driven Development (TDD) described by [49] , used in Agile methodologies and especially in Extreme Programming according to [50] , which consists of writing the tests before the actual implementation of the functionalities, could therefore be of great help to develop smart contracts of the highest quality. These contracts will be able to be deployed in the blockchain, guaranteeing that the need to change them will not arise. Another aspect that must be taken into great consideration is the one related to project planning. The planning of an agile project is based on the split of functionalities in user stories, which are fragments of functionalities that give value to the user. The analysis of the requirements leads to the definition of a certain number of stories, each having an intrinsic value to the project. A user story must be measurable, and must be developed in a limited time. A roadmap developed with an Agile approach should therefore pay particular attention to the feedback and wishes of all involved stakeholders. The roadmap is therefore a useful tool to promote the transparency of the development, also in order to manage customer expectations. It must not be too detailed, and must allow the implementation of the project as a set of user stories or features. The implementation flow could take place in Sprints, and each user story should be provided with one or more Acceptance Tests, according to [51] .
Regarding the quality of the code, the results obtained by us are not consistent with those found by [52] , that made a comparison between software metrics in a software system (written in Python and in Java) and developed using Agile methodologies and in systems developed using plan-driven methodologies. They assert that metrics distribution generated from Agile methodologies are not related to better quality of software. Unlike ours for example they found that the LOC distribution does not demonstrate major differences. In our analysis smart contracts present in Agile projects are characterized by a lower number of LOC in comparison with ICOs that not use Agile methodologies. In general all smart contracts tend to be short with a limited number of contracts and functions. It is also connected with the fact that to deploy a file on the blockchain it is necessary to pay a fee proportional to the size of the file. The simplicity of the code is perfectly consistent with one of the five fundamental values of the XP programming, reported by [50] . Moreover in order to improve our study for the future work, we summarize below the main limitations of our study. The first issue is related to the novelty of our work. The typology of analysis we made is therefore pioneering. We focused part of our study on the collection of Agile Keywords inside the white paper, in order to recognize which kind of ICOs funded project used Agile practices. We therefore did not analyze ICOs in which no agile keywords are officially stated in the white paper, but the development could be anyway Agile based. We are indeed aware that not all ICOs they may have declared whithin its own documentation Agile keywords even if they use agile Methods for developing projects.
We collected 55 Agile ICOs and we calculated the software metrics only on the smart contracts of these ICOs (for a total of 514 smart contracts). We made a comparison between this subset and the code metrics related to all smart contracts stored on Ethereum blockchain in 2017 (around 12,000 smart contracts). Our subset may be small but the results obtained can serve for a future generalization considering a consistent dataset.
Conclusions
The present work proposed an analysis of Initial Coin Offerings, a new phenomenon that has recently become a relevant topic of study within the blockchain community. In order to better understand this phenomenon, operating in an uncertain and constantly changing context, we investigated all engineering activities related to ICOs, from the planning phase to the testing phase. We analyzed the whole set of ICOs registered in ICObench until the 20 February 2018 in order to discover the team composition, the communication channels with investors distributed around the world and the financial aspects. We therefore studied the use of Agile practices in ICOs as a method to cope with change. We have selected and analyzed in detail a subset of ICOs specifically developed with Agile methodologies relatively to their roadmap, project development, and source code quality. Overall, about the 5% of the examined ICOs apply Agile practices. In addition we conducted an analysis of smart contacts of Agile ICOs in terms of code metrics, language versions, and use of test tools. We discovered that the Agile methodologies are suited to develop ICOs because these are highly innovative projects, whose requirements are not completely understood or tend to change. The Agile approach is iterative and incremental with short iterations and is suited to deliver quickly and often. This property is very useful in the context of ICOs. On the other hand the necessity to continually iterate on the product, typical of Agile methodologies, can create issues for ICOs. The immutability of the blockchain must be taken into consideration, smart contracts can not be updated once they have been loaded. To face this difficulty the Test Driven Development is very useful. The practice of Collective code ownership is also guaranteed in ICOs by the transparency of smart contracts in the blockchain. Another practice of Agile development that are applied in ICOs is the use of Coding Standards. The too detailed roadmaps are instead typical of the plan-driven methodologies. Finally, we can say that the smart contracts of Agile ICOs have good metrics of the software because their files are very short and simple.
Future Work. In the next iteration of this empirical study we want examine more aspects of ICOs to recognize the use of Agile practices in a more comprehensive way taking into consideration an analysis related to each single Agile methods. In the future will be possible use the results of this work as a snapshot dated February 2018 of ICOs characteristics, and use it for a time-based comparison focusing mainly on the rate of adoption of Agile practices. In addition, a future work should provide a correlation analysis between the usage of Agile practices and the ICOs success, both in terms of capitalization and in terms of the development of their projects.
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